Simple approach to the synthesis of 2-(4(2)- (((4,6-dialkyl-5-oxo-2-thioxohexahydroimidazo[4,5-d]imidazol-1(2H)-yl)imino)methyl)phenoxy)acetates or acetamides (new substituted thioglycolurils) based on the reaction of 5,7-dialkyl-3-thioxoperhydroimidazo[4,5-e]-1,2,4-triazine-6-ones with functionally substituted aromatic aldehydes has been developed. Synthesized thioglycolurils with acetate function can undergo further simple transformation to the corresponding acetamides.
Introduction
The progress in the chemistry of 5-thioxohexahydroimidazo [4,5-d] imidazol-2(1H)-ones (monothioanalogues of glycolurils) is of great interest due to various practically useful properties of both glycolurils [1] [2] [3] [4] and their iminoand thioanalogues. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Thioanalogues of glycolurils have already been recognized as substrates for the template-directed crossed-Claisen condensation, [8] [9] [10] [11] building blocks for the synthesis of semithiobambusurils, 12 organocatalysts for N-Boc protection of amines 13 or α-monobromination of 1,3-dicarbonyl compounds, 14 and as anxiolytic agents. 15 There are different methods known for the synthesis of thioglycolurils, including recently reported approach based on the tandem hydrazone formation and triazine ring contraction of 5,7-dialkyl-3-thioxoperhydroimidazo [4,5- Substituted aromatic aldehydes bearing other functional groups could be used to introduce different additional moieties including pharmacophore ones in thioglycoluril framework.
In the present paper we have synthesized monothioanalogues of glycoluril by the reaction of 5,7-dialkyl-3-thioxoperhydroimidazo[4,5-e]-1,2,4-triazine-6-ones 1 with aromatic aldehydes bearing substituent containing a carboxylic function and studied the reactivity of these thioglycolurils toward amines.
Results and Discussion
Recently we described a new method for the synthesis of substituted thioglycolurils by reaction of imidazotriazines 1 with (hetero)aromatic aldehydes which includes a tandem hydrazone formation and triazine ring contraction. 19 Here we used this approach to the preparation of N-(benzylideneamino)thioglycolurils which are functionally substituted in aromatic ring. Reaction of compounds 1a,b and 4(2)-formylphenoxyacetic acids 2a,b in methanol in the presence of HCl led to methyl 2-(4(2)-(((4,6-dialkyl-5-oxo-2-thioxohexahydroimidazo [4,5-d] imidazol-1(2H)-yl)imino)methyl)phenoxy)acetates 3a-c in 51-58% yield (Scheme 2). Apart from ring contraction reaction, esterification of carboxylic group with methanol occurred.
Reaction of methyl esters 3a-c with primary amines 4a-c proceeded in DMF at room temperature and at 35-40 °C (Scheme 2). The reaction progress was monitored by recording 1 H NMR spectra of samples taken from the reaction mixture after 24, 72, 96, and 120 h. The signals of starting compounds 3a-c have disappeared at temperature 35-40 °C after 120 h. The yields of corresponding amides 5a-h were 52-93% (Table 1) . At room temperature, conversion of starting compounds was not observed. Yield of isolated product.
We used another sequence of reactions to prepare amide 5i containing morpholine fragment since its direct synthesis usually requires harsh conditions [20] [21] [22] . Imidazotriazine 1b reacted with previously prepared 23 4-(2-morpholino-2-oxoethoxy)benzaldehyde 6 ( Scheme 3). Thioglycoluril 5i was synthesized in 53% yield.
Scheme 3. Synthesis of amide 5i.
The structures of thioglycoluryls 3 and 5 was ascertained by the IR, 1 H NMR, 13 C NMR, and HRMS spectral data. Earlier reported 1,3-dialkyl-4-(benzylideneamino)-and 4-((hetarylmethyliden)amino)thioglycolurils possessed only the E-configuration, which was confirmed both by NMR spectroscopy 24 and by X-ray analysis data. 16, 18, 19 
Conclusions
A simple approach to the synthesis of new thioglycolurils with ester or amide function in the substituent based on reaction of 5,7-dialkyl-3-thioxoperhydroimidazo[4,5-e]-1,2,4-triazine-6-ones with functionally substituted aromatic aldehydes has been developed. This reaction comprises the tandem hydrazone formation and triazine ring contraction. An amide function can be previously introduced into molecule of benzaldehyde or obtained by the reaction of thioglycolurils bearing ester function in the substituent with primary amines. This approach allows to introduce different additional functionally groups including pharmacophore ones as morpholine for example.
Experimental Section
General. All reagents were purchased from Acros organics and used without further purification. Melting points were determined in open glass capillaries on a Gallenkamp (Sanyo) melting point apparatus. The 1 H NMR and 13 C NMR spectra were recorded on Bruker AM300 (300.13 MHz and 75.5 MHz, respectively) and Bruker DRX500 (500.13 MHz and 125.76 MHz, respectively) spectrometers using DMSO-d6 as solvent. Chemical shifts (δ) are given in ppm from TMS as internal standard. Infrared (IR) spectra were recorded on a Bruker ALPHA instrument as KBr pellets. High resolution mass spectra (HRMS) were measured on a Bruker micrOTOF II instrument using electrospray ionization (ESI). 4(2)-Formylphenoxyacetic acids 2a,b and 4-(2-morpholino-2-oxoethoxy)benzaldehyde (6) were prepared according to the known procedures. 38 (m, 4H, NCH2), 3.71 (s, 3H, OMe), 4.88 (s, 2H, OCH2) 
